Fish community structure is a complex and integrated part of an aquatic ecosystem; a balanced system is often rich in species diversity and abundance. Invasive species can alter this balance, and the expansion of invasive silver carp may have similar deleterious effects. Recently, catches of silver carp in the Midwestern United States have increased and there is evidence of successful spawning and recruitment. However, early life history attributes of silver carp have not been fully evaluated within the Mississippi River Basin. A thorough understanding of early-life history is imperative to facilitate control efforts for silver carp populations. Furthermore, age-0 silver carp survival and subsequent recruitment may be regulated by habitat availability during this critical life stage. Thus, the objective of this study was to evaluate age-0 silver carp mesohabitat (i.e., depth, velocity, and substrate) use in three reaches of the Mississippi River Basin and potential habitat overlap with two native planktivorous fish species, gizzard shad Dorosoma cepedianum and emerald shiner Notropis atherinoides. Using data collected from the three lower most reaches of the Long Term Resource Monitoring Program (Pool 26 at Alton, Illinois, USA; Open River at Cape Girardeau, Missouri, USA of the Mississippi River; and the LaGrange reach at Havana, Illinois, USA of the Illinois River), we investigated age-0 silver carp, age-0 gizzard shad and age-0 emerald shiner habitat associations from 2007 to 2012. Overall, 79,358 age-0 silver carp, 89,990 gizzard shad and 41,119 emerald shiner were captured with mini fyke nets during this long-term study. Generally, all three species were collected most frequently in shallow (< 1.5 meters), low velocity (<0.6 meters/second) habitat with greater variability in substrate use ranging from silt to rock. Given the scarcity of these habitat types in the channelized Mississippi River Basin, our results suggest that invasive silver carp exhibit habitat overlap with gizzard shad and emerald shiner. This overlap may result in reduced growth and body condition of these fishes. To this end, this extensive data set has provided new information about silver carp early life history mesohabitat use and overlap occurring between two age-0 native planktivores in the Mississippi River Basin and potential consequences of this association.
Introduction
Native fish communities have been affected by invasive fish introductions and these introductions can lead to the restructuring of fish communities (Ross 1991; Bronte et al. 2003) . Historical accounts of changes in the aquatic community following the establishment of an invasive planktivore have occurred in systems as large as Lake Michigan (Wells 1970) and in smaller systems in northern Wisconsin (Hrabik et al. 1998 ) by alewife, Alosa psuedoharengus (Wilson, 1811) and rainbow smelt, Osmerus mordax (Mitchill, 1814) respectively. These changes include the reduced abundance of large zooplankton populations (Wells 1970) as well as changes to the fish community by a reduction in numbers of native planktivores (Hrabik et al. 1998) . The recent establishment of silver carp, Hypophthalmichthys molitrix (Valenciennes, 1844) , a large, highly efficient planktivore, poses a similar threat to the zooplankton and fish communities in the Mississippi River Basin (Irons et al. 2007; Laird and Page 1996; Tucker et al. 1996) . Furthermore, anthropogenic changes (e.g. channelization and floodplain disconnectivity) to aquatic systems have likely contributed to the simplification of and less optimal habitat available to fishes. Also, invasive species, through competition, can further displace native fish from desired habitats (Byers 2002) . Thus, a thorough understanding of habitat co-utilization is needed to understand the potential impact habitat overlap may have on the fish community structure (Werner and Hall 1979; Werner et al. 1983) .
The objective of this study was to summarize data from the Long Term Resource Monitoring Program (LTRMP) to better understand the early life history attributes of age-0 silver carp, age-0 gizzard shad, Dorosoma cepedianum (Lesueur, 1818) and age-0 emerald shiner, Notropis atherinoides (Rafinesque, 1818) . Potential associations between these planktivores were evaluated by comparing mesohabitat (i.e., depth, velocity, and substrate) use from three unique reaches of the Mississippi River Basin. Two advantages of this approach exist, the first being that the expansion of silver carp has been documented by the LTRMP which provides insight into early life history attributes of this species (Charlebois and TePas 2011) . The second advantage is that this data set offers the ability to investigate potential habitat overlap that may occur between silver carp and two native planktivores over a large spatial and temporal scale (Chick et al. 2003) . These species were chosen for the potential competition for food resources that may exist and the importance of gizzard shad and emerald shiner as a forage base for piscivorous fish. Furthermore, age-0 silver carp survival and subsequent recruitment may be regulated by habitat availability and utilization during this critical life stage. Evaluating potential habitat co-utilization among these species is essential in furthering our knowledge on potential impacts and alterations (i.e. shift in resource use by native fish, reduction in fitness and number of individuals after invasion) to this large river ecosystem.
Methods
We used data collected from 2007-2012 in three reaches of the Upper Mississippi River Basin by the LTRMP to evaluate young-of-year mesohabitat use by gizzard shad, emerald shiner, and silver carp. This time frame was used as catches of silver carp in all three reaches allowed for relevant statistical analysis to be performed. Study areas consisted of the Alton reach (Alton, Illinois, RKM 325-389 of the Mississippi River), the LaGrange reach (LaGrange, Illinois, RKM 128-252 of the Illinois River ) and the Open River reach (Cape Girardeau, Missouri, RKM 47-129 of the Mississippi River). Mini-fyke nets (3mm mesh size, 4.5 meter lead, 0.6 meters high) were set annually from June 15 to October 30, 2007 October 30, -2012 , following the stratified random sampling design developed by Gutreuter et al. (1995) . Each net was set for 24 hours with one net set at each site, with total effort summarized in Table 1 . At each sampling location, mesohabitat data (i.e., depth, velocity, and substrate) was recorded following protocol developed by Gutreuter et al. (1995) . Specifically, depth was recorded to the nearest 1 m intervals and water velocity was recorded to the nearest 0.1 m/s using a Marsh-McBirney flow meter. The sampling site consists of a 50 × 50 meter area, in which the net was placed; velocity and depth data were recorded simultaneously. Substrate was determined by visual and tactile observation of the predominant substrate within the 50 × 50 meter area, and categorized as silt, clay, sand, or gravel following Gutreuter et al. (1995) .
To ensure only young-of-year fish were used in the analysis, fish with a total length greater than 270mm for silver carp (Irons et al. 2011 ), 100mm for gizzard shad (Ickes et al. 2005a ) and 60 mm for emerald shiner (Fuchs 1966) were omitted from the analysis. Catch rates were then normalized using a z-score transformation (normalized catch per unit effort; NCPUE) due to high variation seen within and among study sites to allow for comparisons. A NCPUE score of zero is the overall average for that mesohabitat category in question. Any score above zero, a positive z-score, indicates catch rates were above the overall average for that mesohabitat category. Catches below the average, a negative z-score, indicates catch rates were below the overall average. The transformation does not change the shape of the original distribution or change the location of any individual score relative to others in the distribution. To determine levels of habitat co-utilization, we incorporated a homogeneity of slopes test using analysis of co-variance (ANCOVA) at each study reach and mesohabitat characteristic between silver carp and gizzard shad, and silver carp and emerald shiner (Colombo et at. 2008) . Hereafter, references to shallow habitat refers to areas less than 1.5 meters in depth and reference to low velocities refers to measurements less than 0.6 meters per second, as defined in United States Fish and Wildlife (2000). (Table 1) . At each location and every year, age-0 gizzard shad, age-0 emerald shiner and age-0 silver carp were collected, evidence that successful spawning has occurred within each reach.
Depth
Normalized catch-per-unit-effort (NCPUE) at depths in meters (m) at the Alton reach demonstrates all three species using shallow water habitat (Figure 1 
Substrate
Results at the Alton reach showed all three species using silt, with normalized catch rates all above the average for this mesohabitat. for age-0 gizzard shad, emerald shiner and silver carp in relation to substrate particle classification at LaGrange, Alton and Open River from June 15 to October 31, 2007 October 31, -2012 . A positive normalized value indicates catch rates above the average at that substrate particle category for that species; a negative NCPUE indicates catch rates below the average at that substrate particle category.
Discussion
We have demonstrated that age-0 silver carp, age-0 gizzard shad, and age-0 emerald shiner utilize similar depths and velocities across a large expanse of the Mississippi River Basin with higher variability in substrate use seen at the LaGrange reach and the Open River reach. Therefore, we can use this information to guide management of native planktivores and also determine areas to concentrate management and control efforts of age-0 silver carp. Specifically, NCPUE for velocity for gizzard shad, emerald shiner and silver carp followed the same trends for each reach, with all three species utilizing low velocity habitat. Therefore, this mesohabitat characteristic likely plays an important role in the ability of each species to carry out its early life history. Depth use was also very similar at the LaGrange reach and the Alton reach, which may suggest this habitat type is important to early life history of all three species. Substrate utilization was most variable, potentially indicating this mesohabitat type is less vital to the early life history stage than velocity and depth. However, one must take into account many biotic and abiotic factors that we were unable to analyze when evaluating these results. The high variability observed in the NCPUE in the Open River may be explained by the differences in velocities and depths that occurred during the course of sampling in this reach. This unimpounded stretch of the Mississippi River is maintained by wing dykes and rock structures to maintain flows and depths to sustain the navigational channel, creating an environment in which fluctuations in velocities and depths can occur quickly. In contrast, the Alton reach and the LaGrange reach are part of a system of impoundments, creating an environment in which variations in velocities and depths are less frequent and habitat availability is more constant over time (Ickes et al. 2005b ). These differences in flow regime likely play a factor in the variability seen in catch rates in the Open River reach and may have contributed to the lack of differences observed in our statistical analysis.
The spatial overlap that exists between these three species on a mesohabitat level increases the potential for interactions (e.g., competition for resources) to occur. This is problematic for several reasons. Studies indicate changes to the plankton community occur in the presence of silver carp in terms of a reduction in zooplankton biomass (Burke et al. 1986; Lu et al. 2002) and a shift in the zooplankton community towards smaller sizes (Kolar et al. 2007) . These changes to the zooplankton community may result in slower growth rates and subsequently lower survival of all native fish species, as fast growth during early life stages enhance survival (Miller et al. 1988; Anderson 1988; Beyer and Laurence 1980) and all native fish require zooplankton at some stage during their life history. Sampson et al. (2009) revealed diet overlap was present between silver carp and gizzard shad. Also, Irons et al. (2007) found a reduction in body condition of bigmouth buffalo, Ictiobus cyprinellus (Valenciennes, 1844) and gizzard shad in the LaGrange reach since the establishment of silver carp in 2000. Furthermore, Phelps et al. (unpublished data) , 1834) ). Although evidence of mesohabitat overlap described in this study does not infer interspecific competition is taking place, our findings suggest the possibility of such interactions may be occurring or could occur in the future given the results of this and the aforementioned studies. Thus, a reduction in fitness and abundance of gizzard shad and emerald shiner in preferred habitats may be occurring or could occur in the future in these highly altered systems in the Mississippi River Basin. Efforts to minimize negative impacts on native planktivores and subsequently the fish community may be found in restoring natural flow regimes.
Research conducted by Phelps et al. (2014) suggests that restoring lateral connectivity (i.e., floodplain connectivity) can lead to greater growth rates of native fish species while providing no additional benefit to silver carp. Nearly 90% of floodplain habitat in the Mississippi River is behind levees (Ickes et al. 2005b ) leaving this highly productive and beneficial resource unavailable to native fishes. The scarcity of this habitat, along with the known impact invasive planktivores can cause (e.g., habitat displacement, Byers 2002) may lead to decreased survival of gizzard shad and emerald shiner due to suboptimal resource availability. Therefore, management actions targeted at restoring floodplain connectivity and function of large rivers may promote native fish conservation by allowing native fish to utilize these optimal habitats, leading to increased growth rates, body condition, and ultimately, greater survival.
